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Objective. To estimate the effects of 2014 Medicaid expansions on inpatient
outcomes.
Data Sources. Health Care Cost and Utilization Project State Inpatient Databases,
2011–2014; population and unemployment estimates.
Study Design. Retrospective study estimating effects of Medicaid expansions using
difference-in-differences regression. Outcomes included total admissions, referral-
sensitive surgical and preventable admissions, length of stay, cost, and patient illness
severity.
Findings. In 2014 quarter four, compared with nonexpansion states, Medicaid admis-
sions increased (28.5 percent, p = .006), and uninsured and private admissions
decreased (–55.1 percent, p = .001, and –6.6 percent, p = .052), whereas all-payer
admissions showed little change. Uninsured expansion effects were negative for pre-
ventable admissions (�24.4 percent, p = .068), length of stay (–9.3 percent, p = .039),
total cost (�9.2 percent, p = .128), and illness severity (�4.5 percent, p = .397). Signifi-
cant positive expansion effects were found for Medicaid referral-sensitive surgeries
(11.8 percent, p = .021) and patient illness severity (2.3 percent, p = .015). Private and
all-payer expansion effects for outcomes other than admission volume were small and
mainly nonsignificant (p > .05).
Conclusion. Medicaid expansions did not change all-payer admission volumes, but
they were associated with increased Medicaid and decreased uninsured volumes.
Results suggest those previously uninsured with greater needs for inpatient services
were most likely to gain coverage. Compositional changes in uninsured and Medicaid
admissions may be due to selection.
Key Words. Affordable Care Act, Medicaid expansion, medically uninsured,
inpatient care

Major health insurance coverage provisions of the Affordable Care Act
(ACA) legislation went into effect in 2014, including Health InsuranceMarket-
places for individuals to purchase subsidized private coverage and the option
for states to expand Medicaid. As of March 2016, provisions of the ACA
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resulted in gains in health insurance coverage by 20 million people (Assistant
Secretary for Planning and Evaluation 2016).

The primary objective of our study was to measure the impact of the
ACA Medicaid expansion on adult utilization of inpatient hospital services.
Some states implemented the ACA Medicaid expansion and others did not.
This dichotomy provides a quasi-experimental framework for studying the
impact of policy change on inpatient care, including admission volumes, pre-
ventable hospitalizations, patient illness severity, and cost of hospitalization.

Our study hypotheses are based on three mechanisms through which an
expansion in health insurance coverage can affect contemporaneous inpatient
utilization and patient behavior. First, health insurance lowers the out-of-
pocket price to patients purchasing health care services and therefore
increases use on average (Newhouse 1996). Second, health insurance can
increase use of primary care, providing services in the outpatient setting that
may reduce rates of ambulatory sensitive, or referral-sensitive hospital inpa-
tient care (Billings et al. 1993; U.S. Agency for Healthcare Research andQual-
ity 2001a, b, 2015c; Billings 2003; Buchmueller, Ham, and Shore-Sheppard
2015). Third, while limited evidence exists, we also posit that individuals with-
out insurance who have the greatest medical care needs may be among the
first to acquire insurance under the ACAcoverage expansion (Blue Cross Blue
Shield Association, 2016).

Compared with nonexpansion states, we hypothesize that expansion
states will experience the following: (1) an increase in Medicaid and all-payer
admission volumes and a decrease in uninsured admission volumes, (2) an
increase in the proportion of referral-sensitive surgical admissions for Medi-
caid and all-payers, (3) a decrease in the proportion of preventable hospitaliza-
tions for Medicaid and all-payers; and (4) a decrease in cost per admission,
length of stay, and patient illness severity for uninsured patients.

The effect of Medicaid expansion on the use of hospital care by the pri-
vately insured reflects two opposing factors. First, Health Insurance
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Marketplace enrollment should be associated with an increase in the volume of
privately insured hospitalizations. However, Medicaid expansions may crowd
out private insurance, resulting in fewer hospitalizations covered by private
insurance. We thus consider the direction of this effect theoretically ambiguous.

BACKGROUND

Several studies have examined effects of individual state health care reforms
on hospital utilization, insurance coverage, and treatment outcomes prior to
passage of the ACA in Massachusetts, Connecticut, Wisconsin, Oregon, and
California.

In the case of Massachusetts health care reform, studies found decreases
in uninsured admissions and length of stay (Kolstad and Kowalski 2012), and
increases in inpatient surgeries (Ellimoottil et al. 2014; Hanchate et al. 2012).
Following introduction of a new public insurance program for chronically ill,
childless adults in Wisconsin, one study found a decrease in preventable hos-
pitalizations (DeLeire et al. 2013), while another study examining the same
program found that inpatient hospitalizations increased in a population of
rural enrollees (Burns et al. 2014). Nikpay, Buchmueller, and Levy (2015) ana-
lyzed Medicare cost report data for Connecticut hospitals before and after the
state’s early expansion in 2010, finding an increase in Medicaid admissions
and revenues. Baicker et al. (2013) used the OregonMedicaid lottery to exam-
ine the effects of insurance coverage on health care use and outcomes. After
approximately 2 years, Medicaid coverage generated no changes in hospital
ED use or admissions. Following the 2012 California coverage expansion for
childless adults through the Low Income Health Plan, there was a significant
decline in use of inpatient and ED services (Lo et al. 2014). Another study ana-
lyzing the same coverage expansion in California concluded that the number
of patients using self-pay and charity care decreased in for-profit hospitals, but
nonprofit hospitals had no changes in payer mix (Bazzoli 2016).

Two published studies used multi-state hospital data to examine effects
of the ACA coverage expansion in 2014. Nikpay, Buchmueller, and Levy
(2016) analyzed HCUP SID data between 2011 and the first half of 2014. In
states that expandedMedicaid, uninsured hospital admissions decreased shar-
ply and Medicaid admissions increased sharply; nonexpansion states had no
change in payer mix. The second study, using Medicare cost report data
before and after 2014, found decreases in uninsured admissions and ED visits
for all states, with more pronounced declines in Medicaid expansion states,
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whereas Medicaid admissions and visits increased only in expansion states
(DeLeire, Joynt, andMcDonald 2014).

Some of the dissimilarities in the results of these studies may be attributa-
ble to differences in methodologies or in the populations studied. Some studies
treated hospital admissions as the observation unit of interest, with outcomes
observed only for individuals who were hospitalized (Kolstad and Kowalski
2012; DeLeire et al. 2013; Ellimoottil et al. 2014; Bazzoli 2016; Nikpay, Buch-
mueller, and Levy 2016). The other studies took a population-based approach,
either by combining admission data with population estimates of corresponding
geographic areas or by sampling a cohort of insurance enrollees and comparing
their admission claims with those from other coverage groups. Nonetheless,
admission-based and population-based studies should reach similar findings
about total admissions, and we note that there are differences in findings within
each collection. Although individual state experiences give insight into the effects
of health care reforms, generalization is limited and nationally representative
studies are needed. The hospital data used for our study cover nearly all short-
term acute care hospitals in a broad and geographically diverse set of states, thus
providing a more national perspective on ACA effects on inpatient services.

METHODS

Study Sample

We obtained Healthcare Cost and Utilization Project (HCUP) State Inpatient
Databases (SID) from 2011 through 2014 for 20 states (U.S. Agency for
Healthcare Research and Quality 2015a). Eleven of the states opted to imple-
ment the ACA Medicaid expansion (Arizona, California, Colorado, Hawaii,
Iowa, Kentucky, Michigan, New Jersey, New York, Oregon, and Vermont)
and nine did not (Florida, Indiana, Kansas, Missouri, Montana, South Dakota,
Tennessee, Virginia, and Wisconsin). California, Colorado, and New Jersey
expanded Medicaid eligibility for childless adults prior to the ACA expansion
on January 1, 2014. HCUP databases are consistent with the definition of lim-
ited datasets under the Health Insurance Portability and Accountability Act
Privacy Rule and contain no direct patient identifiers.

Medicaid expansion provisions of the ACA are expected to have the lar-
gest impact on adults aged 19–64 years, so we restricted this analysis to inpa-
tients within that age range.1

States sometimes submit incomplete inpatient data to HCUP because of
nonreporting hospitals. Although the admission volume attributable to
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nonreporting is small, we addressed this issue by identifying a cohort of con-
sistently reporting hospitals within these 20 states that could be tracked over
the duration of our study period. Hospitals in this cohort must have (1)
reported admissions in each quarter (Q) during the time frame of this study
(2011Q1–2014Q4) and (2) exhibited a “consistent” pattern of reporting (to
exclude organizations that experienced structural changes during the report-
ing period, such as mergers, acquisitions, openings, or closures).2 No addi-
tional selection criteria were imposed.

Expected Source of Payment

Each admission was assigned an expected source of payment (“payer”) using
variables for the expected primary, secondary, and tertiary payer with the fol-
lowing hierarchy applied: Medicare, Medicaid, private insurance (if listed on
any of the three variables), then no insurance (if the primary expected payer
was self-pay or no charge). Certain source of payment codes (e.g., indigent care
programs and the Indian Health Service) were re-categorized as uninsured (see
Barrett et al. 2014).3 Analyses were performed on three individual payer
types—Medicaid, private insurance, and no insurance—and on all-payers
combined, which included Medicare and all other insurance types (“all-
payers”).

State, County, and Hospital Market Data

We used data from additional sources to control for external factors that could
affect insurance coverage and hospital admission volume changes unrelated
to the ACA. We obtained state-level population estimates from the Census
Bureau (U.S. Census Bureau, 2015) and county-level unemployment rates
from the Bureau of Labor Statistics (U.S. Department of Labor, 2015).

Study Design

We conducted a retrospective cohort study, with state-specific payer, age
group, sex, and quarter categories as the unit of analysis. Because of the quasi-
experimental design provided by state differences in the decision to expand
Medicaid, we employed a difference-in-differences approach. For each out-
come of interest, we estimated separate statistical models for all-payers, Medi-
caid, private insurance, and no insurance.
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Outcome and Predictor Variables

Primary outcome variables included admission volumes overall, preventable
admissions, referral-sensitive surgical admissions, length of stay, patient illness
severity, and cost per admission.

For both preventable and referral-sensitive surgical admissions, insur-
ance coverage and consequently access to primary care and outpatient ser-
vices are believed to affect utilization rates. We used the Agency for
Healthcare Research and Quality (AHRQ) Prevention Quality Indicators
(PQIs) to identify hospitalizations that are potentially preventable when ade-
quate ambulatory care is available (U.S. Agency for Healthcare Research and
Quality 2015c). Referral-sensitive surgeries are “high-cost procedures that are
usually non-emergent where failure to obtain a referral to a surgeon can be a
barrier to obtaining the procedure” (Billings 2003). Referral-sensitive surgery
coding definitions were obtained from published literature and updated for
ICD-9-CM changes (Billings et al. 1993).

Length of stay and estimated cost per diem outcomes measured resource
use per admission.4 Patient illness severity was measured through a cost-based
case-mix index.5

Outcomes were aggregated to state, age group, sex, and quarter-year
levels for each payment source. We included state unemployment rates and
state population sizes as control variables to account for exogenous factors
affecting hospital use not accounted for in the difference-in-differences
research design.

Model Specifications

We compared expansion states with nonexpansion states before and after
implementation of the ACA Medicaid expansion. Difference-in-differences
models were used to isolate ACAMedicaid expansion effects, with the follow-
ing specification equation:

yist ¼ exp
�
aþ ci þ ls þ ut þ hs l

þ
X4
q¼1

sq1 fs isMedicaid Expansion stateg1ft is 2014Q qg þ Xistb

�

þ eist

In the equation, i indexes demographic categories (age/sex), s indexes
states, t indexes calendar year and quarter combinations, q indexes calendar
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quarters, and l represents the linear evolution of time relative to the baseline
study period (the first quarter of 2011). Parameters include an intercept (a),
demographic (ci ), state (ls ), and time (ut ) fixed effects, state-specific time
trends (hs ), the effects associated with other regressors (b), and Medicaid
expansion effects (sq ). The term Xist contains two additional time-varying state
attributes: unemployment rates and population sizes. eist is a mean-zero error
term that is not correlated with the regressors but is potentially correlated
across observations within states.

The outcomes (yist) are described in the preceding section. The linear
predictor is mapped to the conditional mean of the outcome using an expo-
nential function. All models were estimated using Poisson pseudo-maximum-
likelihood (PPML) techniques (Santos Silva and Tenreyro 2006). The PPML
estimator is applicable to non-negative response data even if the variable is
theoretically continuous, and it yields consistent parameter estimates regard-
less of whether the dependent variable follows a Poisson distribution, so long
as the conditional mean is properly specified. Furthermore, while PPML is
most efficient when the conditional variance of the dependent variable is pro-
portional to its conditional mean, the consistency properties of the estimator
are retained even if this assumption is violated.

Outcomes conditional on admission (length of stay, patient illness sever-
ity, and cost) were modeled with the logarithm of admission volume included
as an offset term in the regression model. The symbol sq represents the effect
of stateMedicaid expansion status on outcomes in quarter q of 2014. The iden-
tification of sq results from cross-state differences in within-state changes in
outcomes, controlling for demographic group, time, and state–time interac-
tion effects. The function exp(sq ) represents the ratio of the outcome variable
for expansion states versus nonexpansion states in 2014 quarter q. Hence, exp
(sq ) – 1 is the percentage change associated withMedicaid expansion.

The sq parameters, q = 1,. . .,4, refer to quarters 1–4 of 2014 for all states
in our study except Michigan, which had a delayed expansion opt-in (April
2014). For that state, s1 refers to 2014Q2, s2 refers to 2014Q3, and so forth.

Given the hierarchical structure of our data, with admissions occurring
over time and nested within states, statistical inference based on the assump-
tion that the error terms eist for all observations are statistically independent
may lead to underestimated standard errors. We used the percentile-t cluster
bootstrap method to correct standard errors for intra-state correlation.6 In
addition, given the large number of parameters tested, we employed the Ben-
jamin–Hochberg false discovery rate method assess the issue of inflated type 1
errors. Of those tests found significant in a research study, “the false discovery
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rate is the expected fraction of those tests in which the null hypothesis is true”
(Glickman, Rao, and Shultz 2014). In this study, we have used a conventional
statistical significance threshold of .05 to identify non-zero effects. Applying
the Benjamin–Hochberg algorithm to the tests we conducted using this signifi-
cance level, we calculate a maximum false discovery rate of .175.

RESULTS

Descriptive Statistics

Table 1 contains the descriptive statistics for 1,002 nonexpansion state hospi-
tals and 1,275 expansion state hospitals included in the study sample. There
are notable differences in hospital characteristics by Medicaid expansion sta-
tus. Nonexpansion state hospitals tended to be smaller and have for-profit
ownership, whereas expansion state hospitals tended to be larger and have
not-for-profit ownership. Expansion states had a higher percentage of teaching
hospitals than nonexpansion states (28.1 and 18.3 percent, respectively) and
were more likely to be in urban locations (73.4 and 62.9 percent, respectively).

Market and admission characteristics, aggregated by state expansion sta-
tus and year for 2013 (before most states expanded Medicaid) and 2014, are
presented in Table 2. Nonexpansion states had lower unemployment rates in

Table 1: Sample Descriptive Statistics for Hospital Characteristics, 2014

Hospital Characteristics Nonexpansion States (N = 9) Expansion States (N = 11)

Hospitals (n) 1,002 1,275
Beds (%)
0–25 20.1 13.7
26–50 10.5 9.3
51–100 20.6 15.3
101–250 25.4 30.4
251–500 15.0 22.6
501–1,000 6.4 7.5
1,001+ 2.0 1.2
Government, nonfederal control (%) 16.4 15.9
Voluntary, nonprofit control (%) 57.5 67.4
For-profit control (%) 26.1 16.7
Urban location (%) 62.9 73.4
Teaching status (%) 18.3 28.1

Source: Agency for Healthcare Research and Quality (AHRQ), Healthcare Cost and Utilization
Project (HCUP), State Inpatient Databases (SID).
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each year. In 2013, compared with nonexpansion states, expansion states had
a larger mean hospital admission volume (4,107 vs. 3,278) and a higher mean
hospital cost per admission ($12,083 vs. $10,037). Age, sex, and case-mix dis-
tributions were similar. Percentages of admissions were similar in the two
expansion-status groups for those with principal diagnoses of asthma, COPD,
CHF, diabetes, and mental and/or substance use disorder; and those admis-
sions classified as preventable or referral-sensitive surgeries.

Table 2: Sample Descriptive Statistics for Market and Admission Character-
istics, 2013 and 2014

Variable

Nonexpansion States (N = 9) Expansion States (N = 11)

2013 2014 2013 2014

Market Characteristics
Unemployment rate (%) 6.9 5.9 8.2 6.8
Population annual growth rate (%) 0.7 0.7 0.7 0.7
Admission Characteristics
Total admissions 3,277,592 3,297,431 5,236,687 5,218,153
Admissions per hospital (mean) 3,278 3,294 4,107 4,089
Patient illness severity (mean) 0.96 0.97 0.95 0.96
Total cost (mean $) 10,037 10,124 12,083 12,334
Length of stay (mean days) 4.4 4.5 4.6 4.6
Female (%) 60.2 60.2 60.9 61.0
Age (years, %)
19–34 31.9 31.9 33.9 33.9
35–54 38.9 38.4 38.8 38.3
55–64 29.1 29.6 27.3 27.7

Expected source of payment (%)
Medicaid 23.1 23.5 28.7 35.8
Medicare 18.4 18.8 14.3 14.3
Uninsured 13.3 12.2 10.5 5.0
Other 5.2 5.2 3.8 3.4
Private 40.0 40.4 42.7 41.6

Principal diagnosis (%)
Asthma 1.5 1.5 1.0 1.0
Congestive heart failure 1.3 1.4 1.3 1.3
Chronic obstructive lung disease 0.9 0.9 0.9 0.9
Diabetes 2.1 2.2 2.0 2.0
Mental and/or
substance use disorder

11.4 11.7 10.7 10.6

Referral-sensitive
surgical admissions (%)

5.3 5.3 4.7 4.8

Preventable admissions (PQIs) (%) 8.5 8.5 7.5 7.4

PQI, PreventionQuality Indicator.
Source: Agency for Healthcare Research and Quality (AHRQ), Healthcare Cost and Utilization
Project (HCUP), State Inpatient Databases (SID).
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In 2013, the percentages of admissions by type of payer were nearly
equivalent for nonexpansion and expansion states. However, in 2014, the per-
centage of uninsured admissions in expansion states declined markedly while
the percentage of admissions withMedicaid increased.

Medicaid Expansion Effects on Hospital Admissions and Outcomes

Prior to 2014, descriptive data on admission volumes for expected payment
sources (all-payers, Medicaid, no insurance, and private insurance) exhibited
only minor quarterly fluctuations (Figure 1a). Total admission volume trends
were similar for expansion and nonexpansion states during the 2011–2014
time period. Starting in 2014, following ACA implementation, there was a

a Total Admissions b Potentially Preventable Admissions
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Figure 1: Observed Trends for Selected Study Outcomes by State Medicaid
Expansion Status and Payment Source, 2011–2014

Abbreviations: Q, quarter, NEXP, nonexpansion State; EXP, Expansion State.
Source: Agency for Healthcare Research and Quality (AHRQ), Healthcare Cost and Utilization
Project (HCUP), State Inpatient Databases (SID).
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sharp increase in Medicaid admissions and a corresponding decrease in unin-
sured admissions for expansion states. Similar patterns were observed for
potentially preventable admissions (Figure 1b). Patient illness severity also
experienced a sharp increase for Medicaid and decrease for the uninsured in
expansion states in 2014 (Figure 1c). The average cost per admission exhib-
ited a regular increase for Medicaid and all-payers between 2011 and 2014.
For the uninsured, the average cost per admission declined notably starting in
the first quarter of 2014 (Figure 1d).

Figure 2 and 3 illustrate the percentage changes (expansion effects) associ-
ated with the Medicaid expansion coefficients estimated under our difference-
in-differences framework. The expansion effects are interpreted as the differ-
ences in post-ACA changes between expansion and nonexpansion states. Fig-
ure 2 shows the quarterly expansion effects during 2014 for the Medicaid and
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Figure 2: Expansion Effects for Study Outcomes: Medicaid and Uninsured,
2014, Quarters 1–4

Note. Error bars represent 95% confidence intervals for expansion effects.
Abbreviations: Q, quarter; Ref. Sens., Referral-Sensitive Surgery; Admit, Admission.
Source: Agency for Healthcare Research and Quality (AHRQ), Healthcare Cost and Utilization
Project (HCUP), State Inpatient Databases (SID).
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the uninsured, whereas Figure 3 provides the similar information for private
insurance and all-payer admission groups. The error bars represent 95% confi-
dence intervals for the expansion effects. Tables 3 and 4 contain the expansion
effects, 95% confidence limits, and p values for all outcomes in the figures.
Confidence intervals and p values were computed using the percentile-t
methodology described above to address clustering at the state level.

Total admission volumes had large positive expansion effects for
Medicaid and negative effects for the uninsured (Figure 2); expansion
effects for the privately insured also were negative (Figure 3) but failed
to achieve statistical significance (p > .05). For all-payers, there was only
one-quarter with small positive admission volume expansion effects
(p > .05, Figure 3). Both the positive and negative expansion effects for
Medicaid and uninsured admission volumes tended to increase in
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Figure 3: Expansion Effects for Study Outcomes: Private and All-Payers,
2014, Quarters 1–4

Note. Error bars represent 95% confidence intervals for expansion effects.
Abbreviations: Q, quarter; Ref. Sens., Referral-Sensitive Surgery; Admit, Admission.
Source: Agency for Healthcare Research and Quality (AHRQ), Healthcare Cost and Utilization
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magnitude over time. In 2014Q4, compared with nonexpansion states,
expansion states experienced a 28.5 percent increase in Medicaid admis-
sions, a 55.1 percent decrease in uninsured admissions, a nonsignificant
decrease in 6.6 percent in privately insured admissions, and a nonsignifi-
cant 0.1 percent increase in total admissions (Tables 3 and 4).

The ACAwas associated with increases in the proportion of referral-sen-
sitive surgical admissions for Medicaid (p < .05, Figure 2) in expansion states
compared to those not expanding. No other significant effects for referral-sen-
sitive surgical or preventable admissions were found. We found significant
negative length of stay expansion effects in most quarters for Medicaid and
the uninsured, whereas positive expansion effects for the Medicaid patient ill-
ness severity were significant in all quarters (p < .05, Table 3). The uninsured
patient illness severity expansion effect was negative in all quarters by larger
absolute amounts, but failed to achieve statistical significance (Table 3). There
was one significant expansion effect for cost per admission: private insurance
in 2014Q1 (Figure 3, Table 4).

Sensitivity analyses were conducted to assess the robustness of our esti-
mates. Alternate statistical specifications involved omitting state-specific time
trends and using only the pre-ACA time period to estimate state-specific time
trends. California andNew Jersey were dropped from the sample to determine
whether their early Medicaid expansions had any impact on our results. We
separately excluded Michigan (delayed Medicaid expansion) and Wisconsin
(state-funded Medicaid expansion) from the study sample to assess sensitivity
of our results to inclusion of these states. None of these sensitivity analyses
materially changed the results presented above.

DISCUSSION

We hypothesized that admission volumes among adults aged 19–64 years
would increase for Medicaid and all-payers and decline for the uninsured in
Medicaid expansions states when compared to nonexpansion states. The
results corroborated our hypotheses with respect to admissions for Medicaid
and the uninsured. Although expansion effects for all-payer admission vol-
umes were positive, only the effect for 2014Q1 was statistically significant and
all were small compared with those for Medicaid and uninsured. The studies
of Kolstad and Kowalski (2012); Nikpay, Buchmueller, and Levy (2015); and
DeLeire, Joynt, and McDonald (2014) also found post-expansion increases in
Medicaid admission volumes and decreases for the uninsured, but they did
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not analyze admission volumes for all-payers. Ellimoottil et al. (2014) found
post-expansion increases in hospitalizations for discretionary surgery for all
non-elderly adults, while we found no significant all-payer effects for referral-
sensitive surgical admissions.

One possible explanation for the finding of little increase in all-payer
admission volumes is that the incremental increase in insurance coverage
associated with Medicaid expansion was too small to yield a detectable effect.
Published estimates from the 2014 National Health Interview Survey indicate
that the uninsured population among adults aged 18–64 years declined by 5.1
percentage points in expansion states compared with 3.1 percentage points in
nonexpansion states (Cohen and Martinez 2014). However, it is also possible
that our estimates are close to zero because the Medicaid expansion did not
increase inpatient utilization, as suggested by the Oregon Health Study
(Baicker et al. 2013). Future studies using longitudinal data to identify newly
insured individuals could help clarify whether there is a net effect of Medicaid
expansion on all-payer admission volumes.

Expansion effects on admissions covered by private insurance were neg-
ative although not statistically significant and much smaller in magnitude than
those for Medicaid or the uninsured. This partly reflects the fact that private
insurance is the most common source of payment and that our expansion
effects are expressed as percent changes. If we rescale the expansion effects by
the pre-expansion (2013) share of admissions by payer in expansion states, the
expansion effect on private admissions is of the same order of magnitude as
the expansion effect on Medicaid. The negative expansion effects we found
for privately insured admission volumes could be due to declines in private
insurance enrollment or utilization rates for expansion compared to nonex-
pansion states. The population covered by individual and employer-spon-
sored plans grew in both expansion and nonexpansion states (Table S2 in
Appendix SA2); the negative expansion effects may be due to smaller
increases in expansion states, resulting in negative coefficient estimates (i.e.,
expansion effects) from the difference-in-differences design, assuming utiliza-
tion rates remained constant. The interpretation is also affected by the increase
in private coverage in nonexpansion states via the Health Insurance
Exchanges, and these difference-in-difference findings are net of those effects.
These findings do not necessarily imply that expanded Medicaid created a
crowd-out of private insurance because other explanations cannot be ruled
out. Changes in utilization among the privately insured could lead to changes
in the outcomes studied here. Additionally, individuals in a broader income
range qualified for marketplace subsidies in nonexpansion states than in

Changes in Hospital Inpatient Utilization 2461



expansion states—a possible explanation of the larger private insurance
enrollment growth in nonexpansion states.

We also examined whether expansion caused particular types of inpa-
tient admissions to increase or decrease at a faster rate than the total across all-
payers. Our hypotheses were that, among all-payer admissions, the share of
referral-sensitive surgical admissions would rise and the share of preventable
admissions would fall. These hypotheses were based on the premises that
health insurance coverage lowers out-of-pocket costs and helps meet “pent-
up” demand for services among the uninsured population, at least in the short
term. However, all-payer expansion effect point estimates for referral-sensi-
tive surgical admission percentages were small and insignificant. We did find
significant positive expansion effects for Medicaid referral-sensitive surgical
admission percentages, which supports the pent-up demand hypothesis.
Expansion effects for preventable admission percentages were large and nega-
tive for the uninsured although the effects were not statistically significant.

We tested several hypotheses regarding illness severity and resource
use. They were based on the assumption that individuals acquiring coverage
initially would have greater needs for inpatient services than those remaining
uninsured. This assumption suggests that expansion effects for the uninsured
should be negative for cost, length of stay, and patient illness severity (as mea-
sured by the case-mix index). For the uninsured, all expansion effects for cost,
length of stay, and patient illness severity were negative, consistent with our
hypotheses, but none were statistically significant. Large standard errors esti-
mated for these effects may be due to state-level heterogeneity. Our models do
not take into account the “starting point” for each state that expanded Medi-
caid. Some states had Medicaid income eligibility policies that were as gener-
ous or more generous than the ACA standards prior to 2014, whereas others
had very low income thresholds. This may contribute to a high degree of vari-
ability in the expansion state hospital service use changes pre- and post-ACA.
Negative uninsured expansion effects for those with greater hospital care
needs are reinforced by analysis of chronic condition admission volumes,
reported in Tables S1a, S1b and Figures S1a, S1b in Appendix SA2. In these
results, there are many large and significant negative uninsured expansion
effects for conditions such as asthma, congestive heart failure, chronic obstruc-
tive pulmonary disease, diabetes, andmental/behavioral health.

The results for uninsured, Medicaid, and privately insured admissions
suggest that individuals with no insurance who were in greater need of hospital
inpatient services were more likely than other individuals without insurance
to gain Medicaid coverage in states that expanded Medicaid. Our findings are
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not sufficient to draw definitive conclusions about the mechanisms through
which the Medicaid expansion has affected admissions because we cannot
assess the relative importance of risk selection, population health, pent-up
demand, and changes in out-of-pocket prices for hospital care.

Medicaid expansion did not affect the out-of-pocket price of care for
those remaining uninsured, so we assume that changes in the composition of
uninsured admissions primarily were due to changes in the composition of the
uninsured population induced by take-up of the coverage expansions. It
appears plausible to assume that changes in the post-ACA uninsured popula-
tion are primarily due to previously uninsured individuals who gained cover-
age. In support of this assumption, Carman, Eibner, and Paddock (2015)
found that 77 percent of adults uninsured in 2015 also were uninsured in 2013,
whereas 23 percent dropped some form of coverage to become uninsured.

In contrast, changes in the composition of Medicaid or privately insured
admissions are more difficult to interpret because acquisition of insurance
may affect utilization. Furthermore, we cannot assume that newly insured
individuals who adopt coverage because of Medicaid expansion all enrolled
in Medicaid because other policy or economic changes including the Health
Insurance Exchanges may have led some of these individuals to gain insur-
ance through private coverage or to drop private coverage in favor of Medi-
caid. In short, we consider changes in the composition of uninsured
admissions to be driven primarily by selective insurance take-up. However,
changes in the composition of Medicaid or privately covered admissions may
reflect not only selection, but also the price of hospital care, preventive care,
and coverage transitions from other insurance types.

Our unit of analysis is admissions among demographic groups within
states; we do not track individuals. This study design uses admission-level out-
comes and cannot clearly distinguish effects of health insurance acquisition on
lowering prices for services and selective take-up of insurance. Our estimates
of effects on total admissions should be comparable to population-based esti-
mates, but our findings of changes in the rate of particular types of hospitaliza-
tions (e.g., preventable) are not directly comparable to population-based
estimates.

Measurement of preventable and referral-sensitive surgical admissions
is challenging; this should be kept in mind when interpreting our results. Pre-
ventable admissions, as measured by the AHRQ prevention quality indica-
tors, have been evaluated from a validity perspective and limitations have
been pointed out (Agency for Healthcare Research and Quality, 2001b;
Davies et al. 2011). One could also disagree with the specific procedures
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included in the list of referral-sensitive surgeries (e.g., joint replacement, breast
reconstruction, and pacemaker implant), which constitute a small proportion
of overall inpatient admissions (Table 2).

Difference-in-differences (DID) designs rely on the assumption of paral-
lel pre-intervention trends in treatment and control groups. We used state-spe-
cific trends in our models to address potential problems introduced by non-
parallel trends. However, other approaches could be considered. Ryan, Bur-
gess, and Dimick (2015) provide evidence that use of propensity score match-
ing of controls to treatments can reduce bias in DID studies when treatment
effects are correlated with pre-intervention levels or trends. While attractive,
matching controls would be problematic in our study, where the number of
treatment and control observations is small (11 expansion and 9 nonexpan-
sion states).

CONCLUSION

Medicaid expansion did not appear to change all-payer admission volumes.
Medicaid expansions were associated with increased Medicaid and decreased
uninsured admission volumes. Our results are consistent with the hypothesis
that those previously uninsured with greater needs for inpatient services were
most likely to gain coverage. In that case, compositional changes in uninsured
andMedicaid admissions (e.g., measured by cost, length of stay, patient illness
severity, or proportions of chronic conditions) may be driven by selection.
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NOTES

1. Based on the authors’ analysis of American Community Survey data between 2013
and 2014, the number of uninsured decreased substantially for both children and
adults. Our decision to focus on adults is based on the much larger size of the adult
uninsured population and higher hospital utilization rates.

2. The consistency measure for each hospital was the maximum absolute percentage
deviation (over quarters) of total quarterly admissions as a percentage of the mean
admission volume for the entire hospital quarterly series. After applying the consis-
tency criterion and the requirement of data present in all quarters, we excluded 6.1
percent of hospitals and 5.3 percent of admissions in the 20-state sample.

3. HCUP expected source of payment standard values were Medicaid, Medicare, Pri-
vate Insurance, No Charge, Self-Pay, and Other. No Charge and Self-Pay were
reclassified as uninsured. There is an unknown amount of error in the expected
source of payment codes assigned by hospitals to patient admission records that
need to be considered when interpreting our results (Buchmueller, Allen, and
Wright 2003; Chattopadhyay and Bindman 2005).

4. Costs were estimated using the cost-to-charge ratio method (U.S. Agency for Health-
care Research andQuality, 2015d).

5. We developed the case-mix index using 2013 HCUP SID data from all available
states. Each admission record was assigned a CCS principal diagnosis category and
estimated cost (U.S. Agency for Healthcare Research and Quality 2015b). The case-
mix index for each diagnosis category was computed as the ratio of its average cost
to the average cost for all diagnosis categories.

6. The SAS GENMOD procedure was used to fit the models (SAS Institute, 2015).
Parameter confidence intervals and p values were calculated using the percentile-t
cluster bootstrap method (see Cameron andMiller 2015).

Changes in Hospital Inpatient Utilization 2465



REFERENCES

Assistant Secretary for Planning and Evaluation. 2016. “Health Insurance Coverage
and the Affordable Care Act, 2010–2016” [accessed on March 25, 2016]. Avail-
able at https://aspe.hhs.gov/sites/default/files/pdf/187551/ACA2010-2016.pdf

Baicker, K., S. L. Taubman, H. L. Allen, M. Bernstein, J. H. Gruber, J. P. Newhouse, E.
C. Schneider, B. J. Wright, A. M. Zaslavsky, A. N. Finkelstein, Oregon Health
Study Group,M. Carlson, T. Edlund, C. Gallia, and J. Smith. 2013. “TheOregon
Experiment—Effects of Medicaid on Clinical Outcomes.” New England Journal of
Medicine 368: 1713–22.

Barrett, M., L. Lopez-Gonzalez, A. Hines, R. Andrews, and J. Jiang. 2014. “An Exami-
nation of Expected Payer Coding in HCUP Databases.”HCUP Methods Series
Report #2014-03. U.S. Agency for Healthcare Research and Quality [accessed
on November 18, 2015]. Available at http://www.hcup-us.ahrq.gov/reports/me
thods/2014-03.pdf

Bazzoli, G. 2016. “Effects of Expanded California Health Coverage on Hospitals:
Implications for ACA Medicaid Expansions.” Health Services Research 51:
1368–87.

Billings, J. 2003. “Using Administrative Data to Monitor Access, Identify Disparities,
and Assess Performance of the Safety Net.” In Tools for Monitoring the Health Care
Safety Net. Rockville, MD: Agency for Healthcare Research and Quality. Avail-
able at http://archive.ahrq.gov/data/safetynet/billings.htm

Billings, J., L. Zeitel, J. Lukomnik, T. Carey, A. E. Blank, and L. Newman 1993.
“Impact of Socioeconomic Status on Hospital Use in New York City.” Health
Affairs (Millwood) 12 (1): 162–73.

Blue Cross Blue Shield Association. 2016. “Newly Enrolled Members in the Individual
Health Insurance Market after Health Care Reform: The Experience From 2014
and 2015” [accessed on April 5, 2017]. Available at https://www.bcbs.com/ab
out-us/capabilities-initiatives/health-america/health-of-america-report/newly-
enrolled-members

Buchmueller, T. C., M. E. Allen, andW.Wright. 2003. “Assessing the Validity of Insur-
ance Coverage Data in Hospital Admission Records: California OSHPD Data.”
Health Services Research 38 (5): 1359–72.

Buchmueller, T. C., J. C. Ham, and L. D. Shore-Sheppard. 2015. The Medicaid Program.
NBER Working Paper No. 21425. Available at http://www.nber.org/papers/
w21425

Burns, M. E., L. Dague, T. DeLeire, M. Dorsch, D. Friedsam, L. J. Leininger, G. Pal-
mucci, J. Schmelzer, and K. Voskuil. 2014. “The Effects of Expanding Public
Insurance to Rural Low-Income Childless Adults.” Health Services Research 49
(S2): 2173–87.

Cameron, A., and D. Miller. 2015. “A Practitioner’s Guide to Cluster Robust Infer-
ence.” Journal of Human Resources 50 (2): 317–73.

Carman, K. G., C. Eibner, and S. M. Paddock. 2015. “Trends in Health Insurance
Enrollment, 2013–15.”Health Affairs (Millwood) 34 (6): 1044–8.

2466 HSR: Health Services Research 53:4, Part I (August 2018)

https://aspe.hhs.gov/sites/default/files/pdf/187551/ACA2010-2016.pdf
http://www.hcup-us.ahrq.gov/reports/methods/2014-03.pdf
http://www.hcup-us.ahrq.gov/reports/methods/2014-03.pdf
http://archive.ahrq.gov/data/safetynet/billings.htm
https://www.bcbs.com/about-us/capabilities-initiatives/health-america/health-of-america-report/newly-enrolled-members
https://www.bcbs.com/about-us/capabilities-initiatives/health-america/health-of-america-report/newly-enrolled-members
https://www.bcbs.com/about-us/capabilities-initiatives/health-america/health-of-america-report/newly-enrolled-members
http://www.nber.org/papers/w21425
http://www.nber.org/papers/w21425


Chattopadhyay, A., and A. B. Bindman. 2005. “Accuracy of Medicaid Payer Coding in
Hospital Patient Admission Data: Implications for Medicaid Policy Evaluation.”
Medical Care 43 (6): 586–91.

Cohen, R. A., and M. E. Martinez. 2014. “Health Insurance Coverage: Early Release
of Estimates From the National Health Interview Survey, January–March 2014.”
National Center for Health Statistics, National Health Interview Survey Early
Release Program [accessed on March 22, 2016]. Available at http://
www.cdc.gov/nchs/data/nhis/earlyrelease/insur201409.pdf

Davies, S., K. M. McDonald, E. Schmidt, E. Schultz, J. Geppert, and P. S. Romano.
2011. “Expanding the Uses of AHRQ’s Prevention Quality Indicators: Validity
from the Clinician Perspective.”Medical Care 49 (8): 679–85.

DeLeire, T., K. Joynt, and R. McDonald. 2014. “ASPE Issue Brief: Impact of Insurance
Expansion on Hospital Uncompensated Care Costs in 2014” [accessed on
February 9, 2016]. Available at http://aspe.hhs.gov/health/reports/2014/
UncompensatedCare/ib_UncompensatedCare.pdf

DeLeire, T., L. Dague, L. Leininger, K. Voskuil, and D. Friedsam. 2013. “Wisconsin
Experience Indicates That Expanding Public Insurance to Low-Income Child-
less Adults Has Health Care Impacts.”Health Affairs (Millwood) 32 (6): 1037–45.

Ellimoottil, C., S. Miller, J. Ayanian, and C. Miller. 2014. “Effect of Insurance Expan-
sion on Utilization of Inpatient Surgery.” Journal of the American Medical Associa-
tion Surgery 149 (8): 829–36.

Glickman, M., S. Rao, andM. Shultz. 2014. “False Discovery Rate Control Is a Recom-
mended Alternative to Bonferroni-Type Adjustments in Health Studies.” Journal
of Clinical Epidemiology 67: 850–7.

Hanchate, A. D., K. E. Lasser, A. Kapoor, J. Rosen, D. McCormick, M. M. D’Amore,
and N. R. Kressin. 2012. “Massachusetts Reform and Disparities in Inpatient
Care Utilization.”Medical Care 50 (7): 569–77.

Kolstad, J. T., and A. E. Kowalski. 2012. “The Impact of Health Care Reform onHospi-
tal and Preventive Care: Evidence from Massachusetts.” Journal of Public Eco-
nomics 96 (11–12): 909–29.

Lo, N., D. H. Roby, J. Padilla, X. Chen, E. N. Salce, N. Pourat, and G. F. Kominski.
2014. “Increased Service Use Following Medicaid Expansion Is Mostly Tempo-
rary: Evidence from California’s Low Income Health Program.” Health Policy
Brief, UCLA Center for Health Policy Research [accessed on November 18,
2015]. Available at http://healthpolicy.ucla.edu/publications/Documents/
PDF/2014/Demand_PB_FINAL_10-8-14.pdf

Newhouse, J. P. 1996. “Free for all?: Lessons from the RAND Health Insurance Experiment.
Cambridge, MA: Harvard University Press.

Nikpay, S., T. Buchmueller, and H. Levy. 2015. “Early Medicaid Expansion in Con-
necticut Stemmed the Growth in Hospital Uncompensated Care.” Health Affairs
(Millwood) 34 (7): 1170–9.

———————. 2016. “ACAMedicaid Expansion Reduced Uninsured Hospital Stays in 2014.”
Health Affairs (Millwood) 35 (1): 106–10.

Changes in Hospital Inpatient Utilization 2467

http://www.cdc.gov/nchs/data/nhis/earlyrelease/insur201409.pdf
http://www.cdc.gov/nchs/data/nhis/earlyrelease/insur201409.pdf
http://aspe.hhs.gov/health/reports/2014/UncompensatedCare/ib_UncompensatedCare.pdf
http://aspe.hhs.gov/health/reports/2014/UncompensatedCare/ib_UncompensatedCare.pdf
http://healthpolicy.ucla.edu/publications/Documents/PDF/2014/Demand_PB_FINAL_10-8-14.pdf
http://healthpolicy.ucla.edu/publications/Documents/PDF/2014/Demand_PB_FINAL_10-8-14.pdf


Ryan, A. M., J. F. Burgess, and J. B. Dimick. 2015. “WhyWe Should Not Be Indifferent
to Specification Choices for Difference-in-Differences.” Health Services Research
50 (4): 1211–35.

Santos Silva, J. M. C., and S. Tenreyro. 2006. “The Log of Gravity.” Review of Economics
and Statistics 88 (4): 641–58.

SAS Institute. 2015. “SAS/STAT(R) 9.2 User’s Guide,” 2d Edition. [accessed
on November 18, 2015]. Available at http://support.sas.com/documentation/cd
l/en/statug/63033/HTML/default/viewer.htm#statug_genmod_sect043.htm

U.S. Agency for Healthcare Research and Quality. 2001a. AHRQ Quality Indicators—
Guide to Prevention Quality Indicators: Hospital Admission for Ambulatory Care Sensi-
tive Conditions. Rockville, MD: Agency for Healthcare Research and Quality,
AHRQ Pub. No. 02-R0203.

U.S. Agency for Healthcare Research and Quality. 2001b. “AHRQ Quality Indicators
—Guide to Prevention Quality Indicators: Hospital Admission for Ambulatory
Care Sensitive Conditions” [accessed on December 13, 2016]. Available at
http://www.ahrq.gov/downloads/pub/ahrqqi/pqiguide.pdf

U.S. Agency for Healthcare Research and Quality. 2015a. “Introduction to the HCUP
State Inpatient Databases (SID)” [accessed on November 18, 2015]. Available at
http://hcup-us.ahrq.gov/db/state/siddist/Introduction_to_SID.pdf

U.S. Agency for Healthcare Research and Quality. 2015b. “Clinical Classifications
Software (CCS) for ICD-9 CM” [accessed on November 18, 2015]. Available at
https://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp

U.S. Agency for Healthcare Research and Quality. 2015c. “Prevention Quality Indica-
tors Overview” [accessed on November 18, 2015]. Available at http://www.quali
tyindicators.ahrq.gov/modules/pqi_resources.aspx

U.S. Agency for Healthcare Research andQuality. 2015d. “Cost-to-Charge Ratio Files”
[accessed on November 18, 2015]. Available at https://www.hcup-us.ahrq.gov/
db/state/costtocharge.jsp

U.S. Census Bureau. 2015. “2005 Interim State Population Projections” [accessed on
November 18, 2015]. Available at https://www.census.gov/population/pro
jections/data/state/projectionsagesex.html

U.S. Department of Labor, Bureau of Labor Statistics. 2015. “Local Area Unemploy-
ment Statistics” [accessed on November 18, 2015]. Available at http://www.
bls.gov/lau/

SUPPORTING INFORMATION

Additional supporting information may be found online in the supporting
information tab for this article:

Appendix SA1: AuthorMatrix.
Appendix SA2: Additional Expansion Effect Estimates.
Table S1a. Medicaid Expansion Effects for Chronic Conditions:

2468 HSR: Health Services Research 53:4, Part I (August 2018)

http://support.sas.com/documentation/cdl/en/statug/63033/HTML/default/viewer.htm#statug_genmod_sect043.htm
http://support.sas.com/documentation/cdl/en/statug/63033/HTML/default/viewer.htm#statug_genmod_sect043.htm
http://www.ahrq.gov/downloads/pub/ahrqqi/pqiguide.pdf
http://hcup-us.ahrq.gov/db/state/siddist/Introduction_to_SID.pdf
https://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp
http://www.qualityindicators.ahrq.gov/modules/pqi_resources.aspx
http://www.qualityindicators.ahrq.gov/modules/pqi_resources.aspx
https://www.hcup-us.ahrq.gov/db/state/costtocharge.jsp
https://www.hcup-us.ahrq.gov/db/state/costtocharge.jsp
https://www.census.gov/population/projections/data/state/projectionsagesex.html
https://www.census.gov/population/projections/data/state/projectionsagesex.html
http://www.bls.gov/lau/
http://www.bls.gov/lau/


Medicaid and Uninsured, 2014, Quarters 1–4.
Table S1b. Medicaid Expansion Effects for Chronic Conditions: Private

Insurance and All-Payers, 2014, Quarters 1–4.
Table S2. Percent Change in Population by Insurance Coverage and

State Medicaid Expansion Status.
Figure S1a. Medicaid Expansion Effects for Chronic Conditions: Medi-

caid and Uninsured, 2014, Quarters 1–4.
Figure S1b. Medicaid Expansion Effects for Chronic Conditions: Pri-

vate Insurance and All-Payers, 2014, Quarters 1–4.

Changes in Hospital Inpatient Utilization 2469


